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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a magnetic 
recording medium suitable for short wavelength 
recording by providing a layered magnetic recording layer 
formed by stacking Co and Pt or Pd alternately to 
reduce transition noise remarkably in the layered 
magnetic recording layer. 

SOLUTION: This magnetic recording medium has the 
layered magnetic recording layer 4 consisting of the Pt 
layer (or Pd layer) and the Co layer and an under layer 3 
of the layer 4. The layer 3 is constituted of a composite 
material layer comprising a composite material consisting 
of any of metals each having a face-centered cubic 
structure such as Pt, Au, Pd, Ag, Ir and Cu and any of 
oxides such as Si02, AI203, MgO, Ti02 f Li02 CaO, ZnO, 
ZrO, Y203 and HfO (or any of nitrides such as Si3N4, 
AIN, BN, TiN, ZrN and GaN) (or any of carbides such as 
SiC, TiC, ZrC and TaC). 
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(54) ismvzm msmmtm 



(57) i&m 

mmi cot, pt^Pd^»«iiti 

IMfr^m Pti (XliPdl) MCoK^/j: 

Pt, Au, Pd, Ag, Rh, I Cu(7)M^ 
±LfeW&(D&m<n\<^-rtifab. S i O2 , A 1 2 O3 , 
MgO> T i O2 , Liz O, CaO, ZnO, Zr 
O, Y2 O3 , H i Om<nmt&^^ftfr (XteS i 
3 N 4 , A 1 N, BN, Tin, Z r N. Ga N^<7)^ 
{t^cft^-fftM (XitS iC, TiC, Z r C, T a 




P t , Au, Pd, Ag, R h , I r , Cu (nffifo\L& 
4fttt04M0t'-f*Ld»&« Si02 , Alz Oj , Mg 
O, TiOz , Li 2 O, CaO, ZnO, ZrO, Y 

2 03 , H f o&(omto#><D^-rini>> (Xtes i 

3 N4 , A1N, BN, Tin. ZrN, Ga N^<73^ 
fttt^l^-fn**) (XliS i C, TiC, ZrC, Ta 

[fS*3S2] Pti (XttPdJI) WCoi^^ 

Pt, A u , P d , A g , R h , I r , Cu <£>@<L>£?£ 
^it^i^C0V>-fn7!i^, S i Oz , A 1 2 03 , Mg 
O, T i Oz , Li2 O, CaO, ZnO, ZrO, Y 

2 03 , H f o«<oBMb*(Ov^-fix*» (Xfis i 

3 N4 , A 1 N, BN, Tin, ZrN, GaNW 
fcttOH vf-ft^) (XfiSiC, TiC, ZrC, Ta 
C^coj^{L^)COV>-ftL^) £eD«£W»a>*>ft*K 
2*0. 3 nmWl 0 nmTO»ili:ioT, IKft 

©Ji i £ nr # 5 ^ t *&wl t -r 5 Bmiaftttfe. 

[»**S3] Ptl UttPdJl) WCoI^/£ 
Pt, Au, Pd, Ag, Rh, Ir, Cu (DffiifcfflSfc 

mjgn&mw^-rtifrb, s 1 02 , a i 2 o 3 , M g 

O, T i O2 , Liz O, CaO, ZnO, ZrO, Y 

2 O3 , HfO*©W*©^f^» (XfiS i 

3 N 4 , AIN, BN, Tin, ZrN, Ga N^<7)^ 
flrf*<&l/*i**L*>) (XJiS i C, T i C, ZrC, Ta 

±E*jBBHME»Jlf±, 

Pt,Au,Pd,Ag,Rh, Ir, Cu 0>ffi*frfflfc 
*i&^&£0n^*lrt»£, S i O2 , A 1 2 O3 , Mg 
O, T i O2 , Li 2 O, CaO, ZnO, ZrO, Y 

2 03 , h f o#<&»fk»<^ma> (XltS i 

3 N4 , AIN, BN, Tin, ZrN, Ga N^<7)^ 
fcftCDCvf ftft,) (XfjtS i C, T i C, ZrC, T a 

c^co^b^^v^-rn^) t^**»»^€>ft»), »:§ 

ic^tl $ tiX ft 6 Z k ZftWL k ir 5 BI*IE»«*o 
I«l*il4 ] NiFe, CoZr, Fe N^O^-ftl 
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ttttttttJi±(Cflgfi8$tLfc, Pt, Au, Pd, Ag, 
Rh, I r, Cu<0®^&*jg^m(D^-ftl^<t:, 
S i O2 , A I 2 O3 , MgO, T i O2 , L i 2 O, 
CaO, ZnO, ZrO, Y2 Os , H f 0^(D^k\YM 
<0t W7lJ&» (XI* S is N4 , AIN, BN, Tin, 
ZrN, G a N»<0»b»<^TiXJW (XttS i C, 
TiC, ZrC, TaCf«i^^f^) k<Dfc 
*W»*»bft»), »$3&Sl nmJ^_L3 0 nrn^TOjPi* 

10 »a-&tt-»ji(7>jiic^dcsnfc, pti (xdPdi) 
r, 

±Kmmm&EMmt % ±urmtk<on\^ pt, a 

u, Pd, Ag, Rh, Ir, AI, Ni, C u^tf)© 

20 5tt^ta»w#. 

Jf<h, ±IB»ftTJB^05fSS|jc v Pt, Au, Pd, Ag, 

Rh, ir, ai, Ni, cum<nm>bftmmi&<D&m 

30 ~C, 

±CaiJlttftEMi co±ia#llfrJf tc: J: o T $ nfc * 

Jii:, ±ia»»f«^wra^x pt, au, Pd, A g , 
Rh, ir, ai, Ni, c u&<K>m>b±mm&<D&m 

8 ] at jfcjg 3 ^iE«<^«ftia»iji*ic*5t ^ 

r, 

±SE*JBIK«32»JB£. ±ET*«^<^l8Jic. Pt, A 
40 u, Pd, Ag, Rh, Ir, AI, Ni, Cu *JS<D® 

tU^)^) 0. 3nm^J:5nm^T^If$^ 

±^mmmummm ±&#&#fu§k(omi^ p 

t, Au, Pd, Ag, Rh, Ir, AI, Ni, Cu 
50 <mvfft7W *»64f3, 0. 3 nm^±5 nmJL^T^/? 
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gOJIS^, 3 nm£Lb2 0 nmftTli»3E*nttt5 

i fc fc i- 6 BMEftttffc. 
WW l 1 1 »** 3 lcfitt0flSXKAKftfc:l3V * 
t\ 

±E«»««E»«*>±E#»r/l I- J: o r 
H^ff$36S, 3 nm£Ui2 0 nm£lT(£K££ilT4£ 

[0 0 0 1] 

SSffl LT#a«««E<i*«t*WcHi-S, 

[0 0 0 2] 

[efefe0>a»] ^E»«*«-^"r-5ffirt«55CE««i, 

E«lMR©*«aefblcffoT, EMEfttfttffla&ilfc 

[0003] z<Dm*K^t*ictt+zmtom*KM<D 

£ e «^^&Xtt«E*ffiff«E*K#«>Ktt«r»^ L 

[0 0 04] L*»L43ase>, lSi»«E»ffl»^E»K 
ffc<aW±»#t UroCoCr ^^roiE^I^tttt 
^fp^kJ: 9/hiF^fcae>, ite*€>ife^& 

S«SE»«fl5»-CR<E«ttfc«*AS|g^ L , Ztlfr 7 4 X 

[0 0 0 5] r^GMfcWfc+Sfca&fctt:* Sffa^E 
»fflfl£«E»K«K^«tttJi^ IT, mgM%9t1j&o>*i 

Cot, P tXliPd tSrSSJ-fflJiUfcaJUKttJl^ 
[0 0 06] J^TfC, g| 1 4 «r#JS It, C o 

$#1 nm^T i l^/jr5»fl2^Lt, 
2 0 nmcDP t Jf^b&STflWi 3 *S«#»J*StLT 
t^o TifcJf 3±Md:, J5$^o. 6nm^)Col^ 

oflW * ixfc«)i«*E»JI 4 33S«*^fig $ tin ^ 0 
«Wfi£ftEfiWl4±ia2.* 0nmCOC^^^5 

[0007] 015 IC, Hi 4tCia^L^*^»»E 



IC&^-C, «W*fi«tft(7>»$H (kOe) «r**U JftM 

i±mkM&7frt 0 ii6i:, hi 4{zm^Ltzvt^(om 

ftE»fflEfcK*5tt<Eu -to«ttftE«!Ktt:tcJ:oT-3E« 

^•To 1161;^^ SStftfif (J^JK*) (MHz) 
iilli^Xi/^ (dB) ft, mi 

[0 0 0 8] 

to t, p txiiPd k£&KizmmLtzmmmnfcmm& 
[0009] a^a^au^ *iswii, co^ pt 

XtiP d 4:SrS!5:icaJiL*:«»at»E»i«:#i-a« 

£5 t*?-3<b<z>T'fc3o 

20 [0 0 10] tC>?>T\ *WCoi, PtXItPdi: 
^^Htc«{ji Lfc8!«««E»li«r*i-*«*<Z)fllftE 
(MMttt* «Ji«*E»Ji35s«C<>iSi:. 

[0 0 11] ^6^|Ci^ Cot, Pt 

XftP d t «r«SJdaJBU^a»lK^E»Jl«:«i-6» 

^mmmm^^x. mmm^mmt>m<xh, »a 

30 [ 0 0 1 2 ] X, Cot, P t 3m P d t £ 

SeSlcSMI L^:fl!JI«:«EflUI^*i-^ttftE«itt#^ 

[0 0 13] t^T\ Cot. PtXIiPd^^S 

40 ftEftA ^ it ^ / >r xas*f*o-r -s z t ^ k 

[0014] Cot, P t 

XiiP d t Sr^SidflJI Lfc«JiJK*ESJi*Wi--5* 
«E»M*lc*Ji^r, 8IJiia»E»JiwT^(WKttjiSr 

ttt^^tiao-c, %d.mmmmm\z&rt2>kmc. 
^<Dt^m^m(o^tEicx^xmmm%^mm^^^y 
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[0 0 15] kZ*>X\ Cot. PtXIiPdt^SS 

t, Au x Pd, Ag, Rh, I r, Cu^Aftl 
aft0>&B0H*"ffta»£, S i Oz , A 1 2 03 , Mg 
O, T i Oz , Liz O, CaO, ZnO, ZrO, Y 
z 03 , HfO^M^^fn^ (XfiS i 
3 N 4 , A 1 N, BN, Tin, ZrM, Ga N^<7)^ 
ffc»<*Hvf*i;&0 (Xns i C, TiC, ZrC, Ta 10 

[0 0 16] fi>frZ>&{z&^ *IBWtt:, P tJI (Xtt 

ifcot, -£<£>TifcJf «!: LT, Pt, Au, Pd, Ag, 
Rh, Ir, Cu©ffi4L*iCSfe«B»<0AJR©v^-rix^t, 20 
Si02 , Ah O3 , MgO, TiOe , Liz O, 
CaO, ZnO, ZrO, Yz Oa , H f O^^jtf^ 
W>?tlfr (Xns 13 N4 , A 1 N, BN, Tin, 
ZrN, G a N*<B*flS#TOIr ^HjW (XflS i C, 
TiC, ZrC, TaC*05jR{b*^^-fnd0 <b cO^S 

Sr«3gLJ: 5 k~t Z>i><DX*hZ a 
[0 0 1 7] P tl (XttP dl) &LFC o 

ItLT, Pt,Au, Pd,Ag,Rh, I r , Cu 

^>®^5iife^itw^Ji<^v>i tt n^^> s i 02 , AI2 

O3 , Mg O, Ti02 , Liz O, CaO, Z n O, 
ZrO, Y 2 O3 , H f Om(Omitfa<D^irtlfr (Xti 
Sis N4 , A l N, BN, Tin, ZrN, Ga 

<r>mtm<n>\^fii)>) (xns ic, Tic, z r c, 

Ta cmnrntmn^-rtifr) kcom&pmz&i?. m 

T, s/N<n£i£Z$\iffl1rZZ k&XZZfr. Stiffs 
[0018] *^6£(e^, *58W(±, Coh P t 
tt^ii*«:«ix.r, S/N<D'£{k*Mim'rzz ktfX'% 

ztrnz., mmm%&.mm<n*:<»ftmmiz.£^xftp\£ 



£5 t-f at<o-c*>5. 

[0 0 19] P t jf (X(iPdl) RXfC o 

jia>kfca*ji«afa»jB^ *<nmmmn.fc»m\£*t 
^zTmmk&mTz&&&mmtex$><z>x, zcomm 
m^mmmr^ pt,Au, Pd,A g , Rh, i r , 

Cu&m'b&&tiltT&0>&M0>^*fM*k* S i Oz , A 
12 03 ,MgO, Ti02 , Li2 O, CaO, Zn 
O, ZrO, Yz 03 , H f O*(0Rfls#^vf ft** 
(XttS ia N4 , A I N, BN, Tin, ZrN, G 
a l*V<O3Lf£#0<D\i*irtlM UltS iC, TiC, Z 
r C, T a C^<nmWfa<0^-fflM k<Olg&ttftti*h 
£9, W-ZfrO. 3 nm^il 0 n mJ^T^#&rJlt- £ 

auMEam^jK-ct,, «*tt<&**&«i*.-t\ s/n 
mam <n&mm k <t o x $ n/c# « ^^3nm 

J:0/hSv^+»*fiW**s»e>*t-r, X, 20nmJ; 

[0 0 2 0] a^5£lc&*, #359!tt, Ptl (XJ* 
P dS) &t*C oJ§*»?>*S«l«lK»ia»*S:Wi"-5at 

%mmmm^^x, mmm%^»m^m<xt. m& 

[0 0 2 1 ] 

^^cjoV^-C, TJftJili, Pt, Au, Pd, Ag, R 
h, I r, C u<Dm>L^feffi&<D&mv>\,^~ftifrk, S 
i O2 , A l 2 O3 , M g O, T i O2 , L i 2 O, C 
a O, Z nO, Z r O, Yz O3 , H f Om<nm\$b<0 
V>-f*lri> (XttS i 3 N4 , A I N , BN, T i n, Z 
rN, GaN*©*<fc*OV^i*ttdO (XttS i C, T 
iC, ZrC, T a C^<DJ%ity>)<D\,^-rh,fa) k<D^ 

[0 0 2 2] mSi^»j:tilt Ptf (X 
TM^Pt, Au, Pd, Ag, Rh, I r, Cu<D 

&>b±mffij&<D&m<D\ t ^"rtifrk. sio 2 , ai 2 0 

3 ,MgO, Ti02 , Li2 O, CaO, ZnO, Z 
rO, Y 2 O3 , H f O^co^k^co^-f ftfr (Xf^S 
is N4 , AIN, BN, Tin, ZrN, Ga N^<7> 
aHt*^V^i"ttA») (XilS iC, TiC, ZrC, T 
aC*(OKft«^V^fn*») t<D«^W^b4SiS'& 

[0 0 2 3] ^2^^%^(±, Ptjf (XtiPdJI) & 
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ic&^r, mmm%nmm*. pt, a u , pa, a 

g, Rh, I r, Cu<o&btLmw&<n&m<n^1Tini>* 

ts S i O2 , A I 2 O3 , MgO, T i O2 > L i 2 
O, CaO, ZnO, ZrO, Y 2 Os , HfOf« 
fflh&f-fM* (XJtSia N4 , A I N, BN, T i 
n % ZrN, Ga N*©£{fc*©V^f*U&>) (XliS i 
C, T i C„ ZrC, Ta C9^>ttfi:to^>V^i*tLd>) t 
miS&Q. 3 nmW± 1 0 nmJ£X 

to»ikjii-j:ot, m$k(nm z nx ft 

[0 0 2 4] JR3p^%n^ P tl (XliP dg) & 
Mfglts P t , Au, Pd, Ag, Rh, I r , Cu<D 

m*b3L&mi&(D&m<oi<^irtii)>b. sio 2 , ai 2 o 

3 , MgO, TiOz , Liz O, CaO, ZnO, Z 

ro, Y 2 03 , h f omoymikVow^-ftil)* oms 

is N4 , A 1 N, BN, Tin. ZrN, GaN^W 
WMfcaH^fiaO (MS iC, TiC, ZrC, T 

t, Au, Pd, Ag, Rh, I r , C u CD®^;££M$ 
it^^JHOVNTtL^^, S i O2 , AI2 O3 , Mg 
O, T i O2, L !2 O, CaO, ZnO, ZrO, Y 

2 O3 , HfO«0»ft*(0^f^ (XliS i 

3 N4 , A I N, BN, Tin, Z r N, G a N3£(£>^ 
itVoM^-rtlfr) (XitS iC, TiC, ZrC, T a 

^g k $ fix ft s «»E»«e*-c*> 5 o 

[0 0 2 5] *4 0*|BW«:, NiPe, CoZ r, F 
\Z.m$L£Mz. s Pt, Au, Pd, Ag, Rh, I r, 

cu<D0B^stjfe«jg(o^«<ot^-rn3a^. sio 2 , a 

l2 O3 , Mg O, T i02, L i2 O, CaO, Zn 
O, ZrO, Y 2 O3 , H f Om<D&itm<»^ir frfr 
(XI* S i 3 Na % A 1 N, BN, Tin, ZrN, G 
a N^CDm.ikfyHDX^'ftlfr) (X\*S i C, T i C, Z 
rC, TaC^^O^ftl^) t«)*4»W»b 
ft*), 1 n mW±3 0 n m^l^MWft 

mt. *<Dm&&nm<oji\zMj&&tit:. pti csm 

Pdl) &VCoJ1^6ft-5«!JWK^i£»«i4'*-rS 

[0 0 2 6] S5(D^(i, JBl<0*3g^l£*3^-C\ 
flWttftCM*:* T*)ii:a>Pflt^ Pt, Au, P 
d, Ag, Rh, Ir,Al,Ni, C u 3fa>ffi*frffife 

750 ri^ft*?, 0. 3 nm^±5 nmaT^f$(7)M 
*«TfflJ*J » ^ft-fr L 46 <b tit ft 6 ttftCMIKf^Tfe 
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So 

[0 0 2 7] »6©*ISW(i, »2©*«W^*5V^T, 

mmm&ttmm<o#»miz£'DXft»£titi&mk. & 

KM t (T>mc Pt,Au, P d , Ag,Rh, Ir, 

ai, Ni, Cu*oK*L>S:ife«iaa>&JR<o^i'n^ 

(X& : £(D&m(D&&<D\,^-Tti : t)>) ri><bft*9, 0. 3n 

&bnx?j:z>mifs t &mm#X'&% 0 

[0 0 2 8] %S7<0*z&mU, %3<D*&WlZj5\,^X % 

10 mmm%mmm<nftmm^£^xftmtstitz&mb. » 

ffimtnmc, Pt, Au, Pd,Ag,Rh, Ir, 

ak Ni, cum<nffi<b±immig<D&m<n\,^'?tij)> 

(Xte : £(D&m(0&&<D\,^-rtlt)>) frbti:*). 0. 3n 

*bnTft6a«ia»«e*-c*><5. 

[0 0 2 9] »8 0*fg^tt, ^3CD^^;c*5l>T, 

an^iE^^, Tftitwrai^ pt, au, p 

d, Ag, Rh, Ir, AK Ni, Cu^I^iil 

20 tH ri^ft^, 0. 3 n m W± 5 n mJ^T<7)I ^ 

■h *&T»iM « frft&-& L i6 ft T ft 5 iBSCfBft JBft"? fo 

So 

[0 0 3 0] »9<0*|gWtt. ^4CO^B^iC*5V>T, 

gfjismiE&jii:, m&unmt <omc. p t , au, 

Pd, Ag, Rh, Ir, Al, Ni, Cu Zf<D&'b£ 

mm&n&mw-rtifr (xit^^m^^^^-rn 

M ri>ibft9, 0. 3nm^±5nmWT(OH^(7)« 

f3 i&rfwnm # irte-z u * b n r ft s m^mi&frx *> 

So 

30 [00 3 HS1 o&t«Bi i©**»ti t **i*fftJS 

S»l:ioT»»$ilfc#i^ff$)5^ 3nm^±2 0 
nniJ^T(cSa^$tLTftSa»ia»«C<*-C*>6 0 
[0 0 3 2] 

40 «i as#^*«t7):»£\ ^®2tLTii, ^J^t^, T 
i36S*ffl$ix, ^Jxfi*, lnmT'feSo 

[0 0 3 3] -t Lt, T^J13±^, P til (X^P d 
if) Rtfc oMfrbtezmMm&&»M4t>WmMf£Z 

0. 6 nm<DP d»£, J¥3j&S, 0. 6 

7tt>(OTfeSo 
[00 3 4] fl[||«ftCMU|4±IC^ M|5^Kf 

Mf&£tix^z> 0 zm&mmsi^ zzxit* mz.&. 

so 1 0nmfWC^bil9$ix5o 
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[0 0 3 51 ±.&<DTt&m 2 Pt, Au, Pd, A 

g, Rh. i r, cu<oftfr3£mm&<o&mw-rti*> 

£, S i O2 , A 1 2 O3 , MgO, T i O2 , L i 2 
O, CaO, ZnO, ZrO, Y2 O3 , HfOf(?)i 
Ityam^-ftlfr (XflS i 3 N 4 , AIN, BN, Ti 
n, ZrN, GaN#Wffll:»0^fji^) (XJ4Si 
C, TiC, ZrC, TaC§^#l0^fW £ 

2&frfrzajgLitrrzzb\zj:9 % pti (xf±Pd 

"C#a o ClClTte, TtfeJf 2te, Aut, Si 

[0 0 3 6] T*JB2^^e>tL5±34<0®^a:ife»5ft 
<£>&Jg-t?£>>5P t, Au, Pd, Ag, Rh, Ir, C 

HS±ili(7) S i O2 % A 1 2 O3 , M g O, T i O2 , 
L12 O, CaO, ZnO, Z rO, Yz O3 , HfO 20 
f^ittO^ftl^ (XteS ia N4 , AIN, B 
N, Tin, ZrN, G a ^(OUit^^ ^1Ttlt)*) 
(XflS iC, TiC, Z r C, Ta C^<7)#Hb$J<7)^ 

ma*) it si, ai, Ti ^nmm^mmkte&L 
&^7c&k* mm, mm. mm%Fk<z><t&m*bftz> 0 
[0037] m 2 \c % hi <nntev>mi&<omiRfcm&fc 

M^r^-To 0 2©ffirt^«ffcftl8i7>«# (dM/d 

H) (4, Bl 5(Dl^^«bftW# (dM/d 30 

H) icjfc^Tfttt-CfcStfre, »tttt-f-B«)*i2f*«^ 

Sr^t". H3fC*5V^r. «*httf m$£m (MHz) 
^r^L, li(t/>fXl/^ (dB) 

[0 0 3 9] 6£D^X-<>> ^H4, K@ 

^2. 5^^^-C0^7^§5{x^^^±(C. -ttl^'tLiai 

***rtt*^:y K[C*H-««»JiKas I 5m/sec (C& 
5 £ ? ICI3|E£1$\ |Ei!t Yyy? (SftS 1 . 2 ju mc/)MR 
-^y K (l^fi^i/ K) -CM6RtfS5 0MH 2 <7>1f# 

J*£H~£<>:, i3iOWIll 6 J; 9 /-Y X^/l/^*fi^ 

[0 0 4 0] Hi <o«l»E»aft:(OTife/B3co^-y^ 
h(OAu(0««[* (%) £, ^C^tlSAuWa so 
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tfc (%) 2:OH!0>Hffiti:. B4lc«tt*»£ LTHtfL 
fc 0 ^£OH^t0^coTifi®3^«^-r^AuXOfS i O 

2 <D#9tltn % Au:6 0% S i O2 : 4 0%tfco 

[0041] mstc, hi ic^jt5«tftia»a*i^»t 

^6 0. 5nm(CfIL, 1^50. 8nm(DPdl^ 
HC$#1 nm^P tglC^S-rst^fC, TiteJf3£r, 
if:$^2 0 nmO (Au+A I 2 O3 ) H^6, J? $355 
2 0nm« (Pt+Alz O3 ) HiC^JE Lfc»£>(C*3 

TiW3*<&p t^aw: (%) icw-fssa* 

lfijroft»*Hc (kOe) &U4f^*iV^Xc>tt: (S/ 
N) (dB) ^^>noBBA«r. «ptt«j»^: tr^Lfct 
(DX'h^ 0 z.<ot%& % ^@^2. 5^ >^#7X§^ 

*t*m^v Kl£#+5tt*HS**Sl 5m/sec left 
6 J: 5 t£jH]fc£-£, 2/im£OMR 
K (flMttSb^y K) "C«tt*i5S5 OMHzOOff^- 

^h77^*I^0. 9/2mMR^-yKt'MU 
ft±m^<D 5 0MHz (nm^-t . 0MHz^b80M 

[0 0 4 2] BeSrWBLT* *Z&m<r>mMo>M 
g& 1 . g^Ji 2 % TifcJf 3 &t>'{£H JI 5 teU 1 

u n«»ftfafaJB4icov^-ciawi-So . 

[0 0 4 3] £^T\ Hi ^Lfc*n#««ffi»jK* 
-Cti, «|JilK«fB»4iS|i:</ t cS^, »S**<Oit*^J: 

it (s/n) ^<fc-r^o 

[0 0 4 4] ^ wT*» r^K^^»j«ft:05»Jiai*fB» 

lK«ia*JBA5 % Pt, Au, Pd, Ag, Rh, I r <£> 
ffi^^it^M^^Tn^cb, S i Oz , A 1 2 O 

3 ,MgO, Ti02 , Li2 O, CaO, ZnO, Z 

13 N4 . AIN, BN, Tin, ZrN, Ga N^<7) 
^ftS^cOV^nM (Xl±S } C, T i C, Z r C, T 

$^o. 3 nm^±l 0 n miUT^^ 6 tC<t oT, 

[0045] aJHKftia»«4^*(oj:5i-»*$nT 
t^wiia^ ^^6(c:j:or, pti (xfiPd 
m) Rxfcomfrb*zmmmme>mm\z&tfzi&$ i m 

[0 0 4 6] ftWxM 6COJ?$^o. 3nmJ:9W^»^ 
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[0 0 4 7] H6«>«-ei4 % flESdS, W^ilt 
0. 6nmWPdi^ 0. 6nmCD 

«;tti^ Jf£riS0. 6nmCO (Au + S i O2 ) 
l3&^*5 2ft(OMl6|Cj;oT, 3##ILT, 10 

[0 0 4 8] i7^#ilt, *&m<Dmm<OB 10 

#x\ g& 1 , mmm 2 , a^is&jf 4 su^sji 
[0049] roa»ia»«*ti, 1 

tk) 1 ±fc&mtetit£1ntl\ NiFe, CoZr, Fe 

±(£flM£*L7^ Pt, Au, Pd. Ag, Rh. I 
r. Cu<nm>b±L&Wi&CD&:m<ni<^'rtlfrb. Si 20 
Oz , Al2 O3 s MgO, T1O2 , Li2 O, Ca 
O, ZnO, ZrO, Y 2 O3. H i 0%f(DMikVQ<D\,^ 
ftl^ (XliS i 3 N 4 , A 1 N x BN, Tin, Z r 
GaN^(7)t{^l>fH^) (XttS i C, T i 

#J&*£*9 » mZfcl nmJ£JLL3 0 n m£kT<n&£ (F>& 

tm (juzpdm) R&c <>m a* z>*zmmm*Lfe&m 

[0 0 5 0] £t\ S»afS»fflflat^lEft«OT«Blc, « 30 

mm%m»m 4 1 \z % ±&<Dm&$mm s 

[005 1] m&#nm8<nm£i*. lnmi^^i 
mmwtxemm 4 7 t<nm<n?m& 

[0 0 5 2] H7 0«m ftMl7 £ «*. 
«T, NiFeJf&fflV\ MTOlS^tt, «X.tf, 
H^10nm(O (Au + S i O2 ) B£#!l\ 
^ia^4^LT, Hxtf, 0. 6nmWPd 

J¥£t5^ 0Jx.tf, 0. 6nm(DComtl>K *tl 

[005 3]^;, H8MMHLT, 

#:r*, 1 , 2 % tj»« 3 % mmm^mm 4 50 



[0054] mi ottftEftKftt^&t 
-&*6T»Ji3±a)8J»iK«ia»Jl4^i»v^, 

[0055] :wtt«iE»i*ii, Hitt:«*BfcjMEft 
Kftjc^T, «Jlft£lfSftJB4£ % T*«3fc^>BB 
tC, Pt, Au, P d , Ag, Rh, I r . A K N 

&R<0&&<D\,^tlfr) j&*<bfc?K 0. 3nm£Ui5n 
[0 0 5 6] I8^jm «»*fi:T«i*JB9tt, #J 

p tjBa>e>fc3. 
[0 0 5 7] ^CtC, U9(cov^r^-r^ 0 driven 5 

4fc0* J93d!0. SnmC^Pdli:, f^^O. 6nm 

Pt^5 0% S i O2 is 5 0%*»&tt&* 
3 Onmtf) (P t + S i O2 ) JI£/?H\ «/H&^CfEH* 
JB4&t5Tt6Jl3|BHc > Pd*»fcfc«*tt*ftT»*IJi 

Kfls^*3V^T, P dJ|0>KJ*£ % 4 <D« 

(He) (kOe) i:(7>raoBS««:^-r»ttftj» 
^r, H9l^f 0 Pdf(DJiW3-5nin(Z)i:t % 

^ (He) ^e-^ (^(oi^— ?mn. v&2. 5ko 

e) ^^5 e 

[0 0 5 8] tfetc !U 1 o^r#BSbT, fc&W<r>MM<n 

«*-e, 1 , 2 , rmm 3 &t^{*^i^ 5 dm 
[0059] ®6<Dmts.nm!&mz&^Xs m&mu* 

6 * 5 ^Kff« 6 i o T5>f I £ ftfc^Jll&SCfaHW 4 (7) 
[0060] o<0tt«EMKtttt. H 

Pt, Au, Pd, Ag, Rh, Ir, Al, Ni, C 
^^Ot>Tn^^) d^b^ 1 ?, 0. 3nmJ^±5nmWT 

<Dm&<Di%mtii&Tifamm9&ft&&L&hnxti:2>t> 

<DXhZ 0 w^(*«^tST«iM«9^eEJcJ;oT, « 
JilKftSE»»4<D^WfJl6icj:oT»W$ixfc#*^3S|e 

[0061] ^ic, h 1 0 <Dm%ifc»!&»<nm<n&mm 
*mw-tz 0 me<om^»mmc^^x, m&wm* 
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[oo62]iio <o»%&0im»<nm<D&j&mu* n 

»*[E»B^, T*JB£0>IHl£, Pt, Au, Pd, A 
g, Rh, Ir, Al % Ni, Cu *£>ffi'fri£fe»iS<0 

ft 9, 0. 3 n m^± 5 n m WT^)J?$ W«^fiT» 

[oo63] hi o (DM&mnmmzwtw-r 
t>, hi o<z>mmmm»bmm\z. s mmm.%umm<D 

t , Au, Pd, Ag, Rh, I r , A 1 , Ni, Cu 

&(D\<^-?tlfr) frbt£<0, 0. 3nmgl5nmJ^TW 
* £ W^fTMIi 9 dS^SE-fr L tf> htlX ft 6 £ * 

Hi 0£tt»fc»J. «/H8£^iE&«£, Tiffin t<D 20 
fSH^, Pt, A u , Pd, Ag, Rh, I r, Al, 

<D&m<D&&<Ofirtlfr) tf><bft9, 0. 3nm£Lh5 
n ra^TW $ (O^^i&TWMm^^ L «) <b tlX 

tj:z>i><Dxhz 0 z<Dm$i&mmmz.£titf, mm&n 
mmmft<n{%mti<j&TWfflm<oft&tz.£<>x. mmm% 

mm t T&m t <nm<n&m*4&Tmm<nftmz. & o 
t, mmm*Kmm4*m^^<n*m*<oteT*nM 30 

[oo6 4] mz. mi uMix, *&w<nmm<n 
mftx\ m®. 1 , 2 , mmm^mmm 4 , &mm 

[0065] a7(Dm%tsmntmcis^x. &&tmm 

[0066] zzx% mi 1 <nm%3£»m#\L m i<n 40 
m^mmmmc&^x* mmm^mmtk. m&un 

i8^f|(C, Pt, Au, Pd, Ag, Rh, I r, 

(X&&&&<D&&<D\,*-f]nfr) ;$>kft9, 0. 3nm 

&TWMm9<nfrm££^x* ffimmnumm4Am< 
xh. &m?ii&Tzmm-rzzkfi*x$z 0 
[oo6 7] mi i><dwx~i± % mmm%mmm4 k, m 
&tt&m 8 k<nm^ i%mjii&TW\fflm 9 k ltco, h 50 
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[0 0 6 8] 

immm) mi 2<nmmz&mLx^ *&wv>n 
m(omm^m9^mm»(omKm(ommmks *<omm 
m<nm%&m%t&(r>&Mt> (koe) &^s/n u 

B) ir^-fo 

[0069] nis#j a fi, d 8 ^as<oaaia«a*t- 

IU Cr5:»^lt^I|$^0. 5nm<7)Co 
/f, MJ*>, Coss Cris <b, nm^Pdi^ 

tL-ett3 0 ttfoaxic aw z titimmmimmm k . 

fraiJt-e-tn^tl 8 0%(?)AgW2 0%(DAgMM 

^%mtz&m!&mc*o^x % mmm^mmRt^rmm 

Kits Pdg^P>ft5, J?$dS3nmO««^;iST«i«y 
II GOT-. «»yj&t5S/N(i. -ttt-ett 

2. 6 kOe, 2 8 dBT'fc§ 0 

[0070] nmm b m 1 0 ^si^fjg^j^ 
laftjKfwcjRL, c r ttmmk vx^ttmz&o. 5 

nm<DC oil, EP^>, CossCns^, I^UnmW 
PdJl#*;h,«xl 5ft-foSf5«i«[«$nyi:8W««i 
l^Ht, <*»Jt^*i^*L 8 0%(7)Ag^TJ«2 0%(7) 
AgStmgO^l^^b^a, JP^^i 5nmtO 

rmmk^-t^m^mm^^^^x, mmmnmm 

Mfrs WmttXZ: tiffin 8 0%(7)AgS.TJ ? 2 0%(DAg 
S^MgOcoMltW^/^, ^tM$^3nm 

ft^^a^f£TWJ®^^^^:fc^cor\ &mJiRX* 

[0071] ct, ®io v>wm<nm&m<om% 

fSftjKftlijRt, Cr^«^i:Lt$tff$j550. 5 
nmOC o®, IP - ^, C o85 C r 15 i:, 1 nmCO 

ta^i, ^it-e^tL-ens o%<7)Ag&tf2 o%<o 

AgMMgOCOS'&MW^'iS, JiC^ASi 5 nm£ 7) 

#atifcr^^tL8 0%(OAgW2 0%<OAg 
MMg0^a^»b^6, ^tlfni^^3nm 

SSftlBfikJlX^TilbJBPfllC J*$* s 3 nmOP dJi^b 

S/Nfi^ftll. 7^3 3tfc5o 

[0072] nmcDTtm ait in 1 o ^aa^A^KK 

M^fllkXEftKWcMt, c r ttWfak LX^temZ 

fcO. SnmCOCoil, BP"^, C o 85 C r is k , l?&J& s 

1 nmOPdBAS-ttl^ttl 0tt-fo^StC»«$tlfc 

arJiittftCftJi^, *«itT-en^n8 o%^Ag^ur 

2 0 % (?) A g St/M g O cOf^TO?i> b ^ ^ , 3&(D# 
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mz s PdlB^b>i5««*18:T»W«S:E-r5i:* 
&tf20%C9Ag&tfMgO «)S^ffl?)> e&5T*i 

[0 0 7 3] r (OH 1 2 ^XlKM^ftStAStf S/N^ 

~C, *(OS**iTSr»«t 5 C t 5 i:^, S 

[0 0 7 4] JfciC, mi 3«)«i%#Itr, *J8W<0 

fttt«tf|OBIftCftKff(OftfllA (kOe) 
(dB) h&^-to 

[0 0 7 5] &3fc#Jte, m&fcO. 4nmOColM 
J?£^0. 6 nmCDP dm&Z:n : t'tL2 O^To^SfC 
S^afcffifS^lE*«(^TiftI(-. Jf^»20nm<7)Pd 20 

^*13. 4kOe, 12dBt^<5 0 
[0 0 7 6] *ft«e«, 01 waSltCjRL, Jft£tfS 
0. 6nm(OCo|i: % f^U nm(7)P tlt7)\ 

X^tl^th? 0%<DK h t, 3 0%«TiNH^/cC5 

;fo&tfS/Nf«*Veift2. 2kOe, 2 8dBtfc 

[0 0 7 7] HJfcfliJf tt, 0 8O«£!lCjRU J?£^l 30 
nm©Coh f^O. SnmtDPtlt^ -tilf 

Jt-e-t*l-CTl6 0%<7> I rM4 0%<£>S i 3 N 4 (O^jS 
**W^&45*Sis 4 0 n m^TJMI i MtSiW 

«>fc»*T?, »»*XtfS/Ntt*tt«ll. 7, 2 5 

[0078] ^ft^jgtt, 0 8<o«sicjru m$&\ 
ni otk-rotB£^«oi$n^««a^Eft«i:, 

JtT-tn-enS 0%(7)P t&tf5 0%<£>S i 3 N4 2»b 
ft3/?<*J>*2 0 nm^Tlfeii Sr*r-r«fitt«IE»jK*iC 

X\ {fcf&^&tf S/Nte^H^h,! . 5, 3 0tfc5c 
[0 0 7 9] UltWhli, Hi a>«ffl|£KU *$3&s 
0. 6nm(Z)Coi<l:, nm^Ptl^m 

J£tlJftl7 0%(7)Au t. 3 0%(7)S i C t rt*bft5« so 



16 

]kV i S/K\-£ : ttl?h2. 3kOe, 3 3 d BT'fc5 0 
[0 0 8 0] Slkfli^ H8<P«S!fc:JBU ^£fc#?N 
i£:^tW¥$a s 0. 7nmtf)CojI, HI*>, C 090 N i 

v>mts J|t$AS0. 8 nm<7)P t Jfrt^ *:iv*fft 3 Oft 

fix7 0%OPtI^ 3 0%CDY 2 OS 

^*r»^e>^5J?$^i 5 nm<DTi&mfrt>tt:zm%m 

^&tfS/Nht^ft^h,2. 0, 3 0T'fc5c 

[0 0 8 1] JiiS^Jj te, mi o?)ili:SL, 

0. 6nmOCoi^ |$^o. 5nmCOPd|H5 
*«ttT-tiX-eiX9 0%(OAuMlO%(7) 

tS.mmt<om^ Ni«Fei$Tas ^&&£V$^2 

[0 0 8 2] 

[»!8<b«i*1 JSi«>*»W«2: < ttbtf, P tJI (XteP 

V^T, Ti&Jfte. Pt, Au, Pd, Ag, Rh, I 

r. cu&mfo&mm&G>&mm*irti&*h* si 

O2 „ AI2 O3 , MgO, TiOz , L i2 O, Ca 
O, ZnO, ZrO, Y2 O3 , H f O^GD^fb4^(D^ 
fH^ (XliS i 3 N 4 , A 1 N, BN, Tin, Z r 
N % G a N^CD^jtyoW^-ftlfr) (Xte S i C, T i 
C, ZrC, T a C^COmikVQW^-fhfr) t (Dm^PS 

m*btez&&&&mizxmf&ztixfj:z<ox, mmm 

[0 0 8 3] ^2 Jltttt , P t m (X(iP d 

»iSfls:(c*5^T, asm^^Sfi, pt, au, p 

d, Ag, Rh, I r, C u Wffi^i:fe«afi<OA:JR^t^ 
-fftrt^ S i O2 , A 1 2 O3 , MgO, T i O2 , 
Li2 O, CaO, ZnO, ZrO, Y2 O3 , HfO 

^wijb^w^fn^ (3ms i 3 n< , ain, b 

N, Tin, ZrN, G a N*0>»ffc»(0Vvf 

(X(±S i C, T i C, Z r C, T a C^c7)j^^^^ 
-ftL^) t ft 9, »**S0. 3nm^± 

lOnm^Mliaot, ^C0Ji(C^fi|$nT 

ft-6<or% «Mtt«eftll^jy<Tt. UM*%i(nm±$: 
[0 0 8 4] JB3<a#3BW(C<fcfttf, Ptg(XfiPd 
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X % Tt&m&, Pt, Au, Pd, Ag, Rh, I r, 

c u<Dffi>kiLmnj&<D&m<ni<^-fftfrt, sio 2 , a 

1 2 03 , MgO, Ti02 , L i 2 O, C a O, Z n 

o, ZrO, Y 2 o 3 , h f o^<nm{k®j<ni^-rtit)> 

(Xl$S is N 4 % AIN, BN, Tin, Z r N, G 
a N^CD^fb^V^tl/H (XiiS iC, TiC, Z 
r C, T a CUftotikimo^irilfr) k<D&&ttm>b 
ft6«#*t»JilCT«*SlxT*6 4:*fc, MIME 
ftJite. Pt, Au, P d , A g , Rh, Ir, Cu<7) io 
®^S:fe«itco4kJS<^v^n^i:, S i 02 , A 1 z O 
3 , M g O, Ti02 , Li2 O, C a O, Z n O, Z 

rO, Yz Os , H f o^comikww^-rrLfr (XteS 

13 N 4 , A I N, BN, Tin, ZrN, G a N^C7) 
mik®)CD\,^-f]nfr) (XftS iC, TiC, ZrC, T 

ir^lc, «|JB«*EfiW;&sff<Tt>* ^#B^coti^:^«J 20 

[0 0 8 5J NiFe, C o Z 

ttJB±^fi8$nfe. Pt, Au, Pd, Ag, Rh, 

1 r, c u<nmfciLmm&<D&m<D\,^-rtifrk, s i o 

2 , AI2 O3 , Mg O, T i O2 , Li2 O, Ca 
O, ZnO, ZrO, Y2 Os , H f 0^$Hfc#?69(, > 
■Tinfr (XUS i 3 N4 > A 1 N> BN, T i n, Zr 

N, G a N^CD^fb^CO^-ftL/J^) (Xf3S i C, T i 30 
C, ZrC, Ta CtSE<DK{b*WV^tt*») 

J¥£^l nmJ£LL3 0 n mJ^TOiP^ 

&&nmt. z<Dm&tt&m<o-k\zBj£tstitz* pti 

to*mmirZ> w b<nx% Stt«CGftlRflc«:*d z <t ^"C 

[0 0 8 6] ^5(D^iatlit *1^*5BWJC*3 
^T, 8jS^fa»St, T*i£a>ffl(£, Pt, A 40 
u, P d, Ag, Rh, I r , A 1 , N i , CuW 

0. 3nmti±5nni^T<7)J?$^ 
[0 0 8 7] »6<0*$glfllwifttf % S2W«il^ 
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<t, ^WrBi^raic:, Pt, Au, Pd, Ag, Rh, 
I r, Al, Ni, Cu«05ffi^fi:ifefll5twAJRWV^-f 
(Xfi*<&ftK^&<m>1"iftjW 0. 

i£L&btixftz><nx\ mmm^mmt>w<xt>, m 

[0 0 8 8] m7<n*&W\Z.&Hft, m3<D*mwicio 

ftmmtcDWZ^ Pt, Au, Pd, Ag, Rh, 
I r, Al, Ni, Cu^cOS^^^it^^JH^^-f 

3 n mjjll 5 n m£lT<0»$©ft»AtT»«i^*4 

m%tzmmi>m<xh, ^&u<om±^^x. s/n 

[0 0 8 9] S8<75*^J(C«fc*U£, » 3 tfXWgWCio 

v^T, «®8fcfaiE$^l^ Tl&®<t^^, pt, A 
u, Pd, Ag, Rh, Ir, Al, Ni, Cu 

Tti^^) 0. 3nm^JlJ:5nm^I^ 

[0 0 9 0] »9<o*»^Jc«J:tLtf, S4^i;fc 

v-r, iismeh^ m&wnmk<om\z s pt, 

Au, Pd, Ag, Rh, Ir, Al, Ni, C u^CD 
V>-fn^^) 0. 3 nm^Jl±5 nm^T^>iP$ 

[0 0 9 1 ] *i ow*3gw;cJ;ni^ ^2(7)^|: 
fc#il<0j?^^, 3nmW2 0nm^Tl:^^t 
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[0 0 9 2] Hi 1 ^*«W<-«ttL^ S3«iC 
tz&m<Dm&fc, 3nm^±2 0nm^Tl^S*ttt 

-r$T®0T*fc5o 

[B2] *J6(D»ffi^««iE»a*o-« (hi) <om 
[i3] xm<o»«iott«ieftflE*<o— fli (eii) 

[B4] XlK<o»lB<ott«eftKff<o— fl ((Hi) tf>* 
H«4:^-ri#tt«»-C*>^. 20 

[a 5 1 nm<oMtR<om&&mm#<o—m (bd p 

ttf>fM»M:£, (He) WS/Nt t^P^^Bi 
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[0 7] |lte<7>^W«SCIS&J«*^M(cfi!i<O^IS:^i- 

[as] nm<nj&m<nm%fcmmfr<D&{£m<om%7Fir 

[H9] *!to»»w««1B»lKft:<o3Elcte<o« (0 
8) (C*5*tSP dJB(75lSfft. (He) i<Z>IH<Z> 

[010] lltt(7)»lB(Z)«»E»JKff(OM(cte<7)«*^ 
[■111 *Moj»tt<o««E»lKft:<oH^ffi^««r* 

[012] llft^tt^tt«eftME#(0»Kttfl^«tt 
* R XI S / N % 7jk -T ^ 0 -C£> 6 o 

[013] XJk^»tt^tt«CCAlK^»ftlK«j: % r 
tiht KMt-r** # £ ^««*&t/ S /N sr^-rs 

[014] ^o««IE»j«*(Z)»r®ig-e*>5o 

[015] ttxottftctuKfr (014) (ommm-v 
[0i6] «*0tt«iuMKft (01 4) (on*.*^* 

i 2 3 rmrn, 4 

5 mm, e»mm* 7 a m&w 
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[17] 



[H!8] 




iC (Hum)) 



iCofl (0. 6nm) 
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6nm) X2 0) 



I cau+sio. ) m (i o 
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